DNA transfection of African green monkey BSC-1 cells with simian virus 40 (SV40) DNA and bacterial virus *X174 replicative form DNA ("cotransfection") yielded stocks containing SV40/6X174 recombinant virus, which was detected by an infectious-center in situ plaque hybridization procedure and which was sensitive to anti-SV40 antiserum. The recombinant virus replicated during serial passage. Restriction endo- (2, 3) , the insertion of SV40 sequences into the adenovirus genome (5) and vice versa (6), and genetic exchange with the endogenous viral genome in SV40-transformed permissive monkey cells (7, 8) . With the development of highly sensitive in situ plaque hybridization procedures for the detection of hybrid animal virus genomes (9, 10) it seems opportune to examine the possibility that SV40 DNA may recombine with any DNA, of either prokaryotic or eukaryotic origin, that happens to be present in the infected cell. In this report, we show that cotransfection of monkey cells with SV40 DNA and bacterial virus DNA [0X174 replicative form 1 (RF1)] gives rise to recombinant progeny. Using the same approach of DNA cotransfection, we also report strong circumstantial evidence for in vivo recombination between SV40 and polyoma virus DNAs, SV40 and bacterial plasmid DNAs, and SV40 and.cloned mouse DNA.
, the insertion of SV40 sequences into the adenovirus genome (5) and vice versa (6) , and genetic exchange with the endogenous viral genome in SV40-transformed permissive monkey cells (7, 8) .
With the development of highly sensitive in situ plaque hybridization procedures for the detection of hybrid animal virus genomes (9, 10) it seems opportune to examine the possibility that SV40 DNA may recombine with any DNA, of either prokaryotic or eukaryotic origin, that happens to be present in the infected cell. In this report, we show that cotransfection of monkey cells with SV40 DNA and bacterial virus DNA [0X174 replicative form 1 (RF1)] gives rise to recombinant progeny. Using the same approach of DNA cotransfection, we also report strong circumstantial evidence for in vivo recombination between SV40 and polyoma virus DNAs, SV40 and bacterial plasmid DNAs, and SV40 and.cloned mouse DNA.
MATERIALS AND METHODS DNA and Cells. qX174 RF1 DNA, plasmid pBR322 DNA, and plasmid pMIA1 DNA (11) were kind gifts of S. Eisenberg, D. Roufa, and E. L. Kuff, respectively. SV40 (strain 777) and polyoma virus (strain IL 11) DNA were isolated and purified by equilibrium centrifugation on cesium chloride density gradients supplemented with ethidium bromide as described (12) . Supercoiled DNA was isolated from African green monkey BSC-1 cells infected with recombinant viral stocks by the Hirt procedure (13) at 50 hr after infection and purified as above. Cells were grown and maintained in Dulbecco's modified Eagle's medium with 10% calf serum.
Transfection, Harvest of Virus, and Serial Passage. BSC-1 cells were transfected with DNA by the DEAE-dextran (300 ,gg/ml) procedure (14) , and the resulting viral stocks were harvested by subjecting the lysed cells and medium to sonic vibration. Stocks were passed in series by infecting BSC-1 cells on 9-cm-diameter plates with 1 ml of the previous passage diluted 1:3 in medium.
The Infectious-Center in Situ Plaque Hybridization Procedure. Recombinant virus was detected by the in situ plaque hybridization technique (9) , modified as an infectious center procedure (10) . BSC-1 cells were infected with the viral stocks either undiluted or diluted 1:3 in medium, or diluted 1:10 in wild-type SV40 (108 plaque-forming units/ml) as specified in Table 1 . Five hours after infection, the infected cells were dispersed with trypsin/EDTA; 50,000-200,000 infected cells were then mixed with 3 X 106 uninfected BSC-1 cells, plated in 9-cm dishes, and overlaid with nutrient-agar (0.9% agar and 10% calf serum in Dulbecco's modified Eagle's medium) when monolayer formation was complete. After 5 days of incubation (or as specified) the agar was removed and stored at 40C. A dry nitrocellulose filter (Schleicher & Schuell, 0.45-,Mm pore diameter, 8-cm diameter) was then placed on top of the bared cell monolayer. After moistening with saline (0.15 M NaCl/0.01 M Tris-HCl, pH 7.0) the filter with the cell monolayer stuck to its underside was peeled off and placed, cell-side up' for 1 min on top of Whatman 3 MM paper saturated with 0.5 M NaOH containing 1.5 M NaCl. The filter was then blotted dry and the alkali denaturation step, with.intermittent drying, was repeated twice more. Finally, the filter was neutralized by three 1-min contacts with Whatman paper saturated with 1 M Tris-HCl (pH 7.0) and 2 X NaCl/Cit (1 X NaCl/Cit is 0.15 M NaCl/0.015 M sodium citrate, pH 7.4), dried at room temperature, and baked at 80'C for 3-6 hr.
The filters were preincubated at 670C in Denhardt's buffer (15) with 6 X NaCI/Cit for 4 hr. The buffer was then removed and replaced with fresh Denhardt's buffer containing 6 X NaCl/Cit, denatured sonicated salmon sperm DNA at 100 ,gg/ml, and the appropriate [32P]DNA probe [labeled in vitro by nick-translation (16); 5 X 107 to 108 cpm/,fg] at 20,000-40,000 cpm/ml, and incubation was continued at 670C for a further 18-20 hr. After hybridization, the filters were washed by incubation at 670C for 1 hr with, successively, 6 X NaCl/Cit, 2 X NaCI/Cit containing 0.1 M NaPO4 buffer (pH 6.5), and 2 X NaCI/Cit alone. Autoradiograms of the filters were made with Agfa Curix x-ray film in conjunction with intensifying screens at -70'C for the time periods specified in the legends. Control filters made from uninfected BSC-1 cells were included in each experiment and displayed no autoradiographic response
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "adertisement" in accordance with 18 U. The putative SV40/OX174 recombinant virus replicated during serial passage and could be isolated from the agar overlay of the in situ plaque hybridization assay plates. (18) . The Bgl I cleavage pattern was similar to that shown in Fig. 2 DNA bound the SV40 [32P]DNA probe when incubated together with the Hga I-digested alkali-denatured sample of the recombinant DNA population (Fig. 3A, strip a) but not when incubated together with the similarly treated control DNA (strip b). Strip b reacted strongly, as expected, when rehybridzed with ,X174 [32P]DNA (Fig. 3A, strip c) . The reciprocal experiment is shown in Fig. 3B : In this case, the immobilized SV40 DNA bound the 4X174 [32P]DNA probe when incubated together with the Hga 1-digested alkali-denatured sample of recombinant DNA (duplicate strips a) but not when incubated with the similarly treated sample of the control DNA mixture (duplicate strips b). The fact that the [32P]DNA probes, in both experiments, did not bond to heterologous immobilized DNA when incubated in the presence of the control DNA (authentic OX174 RF1 DNA unlinked to authentic SV40 DNA) excludes nonspecific trapping effects.
Cotransfection with SV40 DNA and other DNAs of diverse origin Table 1 also lists the results of experiments in which BSC-1 cells were cotransfected with 5.2-kb SV40 DNA I and 5.2-kb polyoma virus DNA I or 4.3-kb plasmid pBR322 DNA I or 9.6-kb plasmid pMIA1 DNA I or linear pBR/A DNA (see footnote t in Table 1 for information on these DNAs). Representative autoradiograms of the putative recombinant plaques generated by the yields of those cotransfections are presented in Fig. 4 . When SV40 DNA was omitted from the cotransfection mixture, the 10-day lysates of the transfected cultures yielded no foci that reacted with the appropriate [32P]DNA probe in the infectious-center in situ plaque hybridization test.
The occurrence of putative recombinants between SV40 DNA and plasmid pMIAl DNA is of note because this DNA is substantially larger (9.6 kb) than the other DNAs tested (4.3-5.2 kb). Because the [32P]DNA probe in Exp. 53 contained sequences homologous to both pBR322 and mouse type A particle genes, we do not know which of these sequences is represented in the recombinant plaques. In the case of cotransfection with pBR/A DNA (Exp. 32), both pBR322 and mouse type A particle DNA sequences are represented in the recombinants, because cloning by plaque isolation generated two classes of populations; one class reacted only with the pBR/A [32P]DNA probe, whereas the second class reacted with both the pBR/A and the pBR322 [32P]DNA probes (data not shown).
was established by the experiment described in Fig. 3 Fig. 3 clearly demonstrate the linkage. Immobilized kX174 . . Autoradiograms showing the plaques generated by different putative recombinant SV40 populations (see Table 1 Table 1 ) has not as yet been established by experiments of the type described for SV40/4X174 recombinants, several arguments show that the cotransfected DNA replicated in monkey cells and therefore, by inference, recombined with SV40 DNA. As calculated from the specific activity of the [32P]DNA probes, a minimum of 1000 copies of the polyoma virus (wild-type polyoma virus DNA does not replicate in monkey cells) or plasmid or mouse DNA sequences must be present per monkey cell before a detectable reaction is obtained by hybridization and autoradiography. In addition, the size of the recombinant plaques increased with time of transfer to the nitrocellulose membrane filters (similar to the development of the SV40/0X174 recombinant plaques shown in Fig. 1 A and B) and no foci were detected when SV40 DNA was omitted from the cotransfection mixture. In the case of the SV40/pBR/A products, the number of putative recombinants increased upon serial passage ( The molecular nature of the recombination event that occurs in the cotransfected cells is, perhaps, the most challenging aspect that has to be investigated. It is hoped that the systems and techniques described in this report will contribute to an understanding of the process. Whatever the recombination mechanism, it is clearly unable to distinguish between DNAs of prokaryotic and eukaryotic origin.
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